Aspergillus flavus, A. parasiticus, A. niger and Fusarium moniliforme are responsible for the spoilage of many cultivated cereals. Their growth on food crops may change their chemical and nutritional characteristics, reduce germination and most importantly contaminate it with mycotoxins, such as aflatoxins, ochratoxin A and fumonisins, which are toxic to man and animals [1] . Because of their toxicity, aflatoxin B 1 has been classified as carcinogenic in humans, leading to the appearance of hepatocarcinoma [2] . Other mycotoxins, such as ochratoxin A and fumonisin B 1 , display carcinogenic properties in laboratory animals and have, therefore, been classified by IARC in the group 2B of molecules that are carcinogenic in animals and possibly carcinogenic in humans [3] . On the other hand, free radical oxidation of the lipid components in food due to chain reactions is a major strategic problem for food manufacturers. Free radicals can initiate the destruction of organic molecules of biological importance and are regarded as the cause of various diseases and probably ageing [4] . Due to the health-hazardous effects of free radicals in human beings, it is essential to decrease the degree of lipid peroxidation in foods.
To manage post harvest losses and diseases caused by free radicals, producers usually rely on a release of chemical fungicides (group of benzimidazoles, aromatic hydrocarbons) and synthetic antioxidants, such as butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT). However, these chemicals have restricted use in foods as they are suspected to be carcinogenic [5] .
Public awareness of these risks has gone a long way to increase people's interest in the quest for safer fungicides and antiradicals to replace synthetic chemical fungicides. One such alternative is the use of natural plant Clausena anisata (Willd.) Hook. F. ex Benth (family Rutaceae) is widely distributed in Cameroon and other tropical areas. It is 1.5-2 m in height and produces white flowers. It has a strong, aromatic odour compared by some to aniseed and by others to garlic [6] . One of its many uses includes the burning of the dried plant to repel mosquitoes. In the northern part of Cameroon, ethnobotanic studies and preliminary surveys revealed that this plant is also used to preserve food items. For this, fresh leaves are introduced into grain bans to preserve stored cowpea and maize from insect and fungal damage [7] . A relatively limited number of reports were found in the literature dealing with the antiradical and antimicrobial effects of essential oil of Clausena anisata [8, 9] .
In our effort to screen antifungal activities of essential oils from Cameroon, we evaluated the antifungal activity of some plants used traditionally for several purposes (including antimicrobial effects). The aim of this study was to determine the chemical composition of the essential oil of C. anisata leaves by GC-MS, and to test the efficacy of the essential oil for controlling the growth of Aspergillus flavus, A. parasiticus, A. niger and Fusarium moniliforme, as well as to determine their antiradical properties.
Essential oil was obtained by steam distillation for 5 hours with a yield of 0.21%. The qualitative and quantitative analytical results of the essential oil were obtained by GC and GC-MS techniques. Table 1 show the compounds identified in the leaf essential oil of C. anisata. Forty-two compounds were identified, accounting for 99.5% of the total essential oil. The monoterpenes content (65.4%) was greater than that of the sesquiterpenes (34.1%). The main components of the essential oil were E-ocimenone (15.1%), Z-ocimenone (11.5%), γ-terpinene (11.4%) and germacrene D (10.9%).
The profile obtained from our GC and GC-MS analysis of C. anisata essential oil was different from those reported earlier. A sample from Zimbabwe [8] contained sabinene (33.0%), germacrene-D (17.0%) and Z-β-ocimene (6.0%) as its major chemical compounds, whereas in the sample from Akassato (Benin), estragole (66.2%) and (E)-anethole (17.6%) were the main compounds [9] . Meanwhile, the GC and GC/MS analysis of the essential oil from leaves of C. anisata collected in the Namakkal district (India) revealed β-pinene (67.2%) and 1,8-cineole (8.5%) as the major compounds [14] . These differences in the chemical composition confirmed the fact that the chemical compounds of any plant essential oil can vary greatly with geographical region, the age of the plant, and local climatic, seasonal and experimental conditions [15, 16] .
Results obtained from the antifungal tests of the essential oil are illustrated in Figures 1 to 3 . The antifungal investigations showed that the oil possessed a significant dose-related antifungal activity. There were significant differences in the mycelial growth of oil-supplemented samples compared with the control, which was not supplemented with essential oil (ANOVA and Duncan Multiple Range Test, P < 0.05). C. anisata essential oil inhibited completely the radial growth of A. flavus at 4 mg/mL, and A. niger, A. parasiticus and F. moniliforme at 5 mg/mL respectively over 8 to 10 days of incubation. The percentage growth inhibition was significantly (P<0.05) influenced by the incubation time and essential oil concentration. Mycelial growth was considerably reduced with increasing concentration of essential oil, while their growth increased with incubation time. In fact, there are positive and significant (p<0.05) correlations between incubation period and mycelial growth (r = 0.63; r = 0.62; r= 0.65 and r = 0.59), respectively for A. flavus, A. niger, A. parasiticus and F. moniliforme. The antifungal activity exhibited by the essential oil of C. anisata in this study could partly be accounted for by the presence of constituents like α-pinene, γ-terpinene, linalool and sabinene that have been reported to possess antifungal activity [17, 18] . In addition, some components that occur in lesser amount may also contribute to the antifungal activity of the oil, involving probably some type of synergism with the other active compounds.
The antifungal activity of the essential oil used in the present study was higher than that found by others authors [8] . In fact, in their study, less than 50% of growth inhibition was obtained against A. flavus IMI 89717, A. niger IMI 174574 and A. parasiticus IMI 15957 at a concentration higher than 5 mg/mL. Direct comparison between our own and their results may not be appropriate since the chemical composition of the two essential oils were quite different and experimental conditions also differed; this can influence the level of antimicrobial activity, as previously reported [19, 20] . In their experiments, they used a microdilution procedure while in our study a disc diffusion method was used.
Some essential oils tested in our laboratory have shown higher toxicity than C. anisata essential oil. In fact, L. rugosa essential oil inhibited completely the growth of A. flavus and A. niger at 0.3 mg/ mL respectively over 8 and 9 days of incubation and F. moniliforme at 0.2 mg/ mL over 10 days [21] . Differences obtained between the essential oil of C. anisata and L. rugosa essential oil may be due to their different compositions. Some components known for their strong antifungal activities, like geraniol, eugenol, citral, and citronellol [22] [23] [24] were found in the essential oils of L. rugosa, while these were absent in the essential oil of C. anisata used in the present study.
Antioxidants are believed to intercept the free radical chain of oxidation and to donate hydrogen from the phenolic hydroxyl groups, thereby forming stable end products, which do not either initiate or propagate further oxidation of lipid [25] . In the present study, results are expressed as the ratio percentage of the absorbance decrease of DPPH radical solution in the presence of extract at 517 nm to absorbance of DPPH radical solution at the same wavelength.
Generally, it was observed that the scavenging capacity of the essential oil and BHT increase with the concentration in the reaction medium. It can be observed from Table 2 that C. anisata exhibited very weak radical scavaging capacity (RSC). The following results were obtained: RSC 50 (BHT) = 0.007g/L and RSC 50 (essential oil) = 5.1 g/L). These results indicate that C. anisata essential oil is 728 times less active than BHT. The essential oil of C. anisata in the present study showed a RSC less than the 1.67 g/L obtained in the investigation of the essential oil of C. anisata from Benin [9] . This oil also had a lower RSC than the oils of Plectranthus grandis and P. ornatus [26] . This lower value of C. anisata essential oil could be explained by the absence of compounds able to form stable free radicals after losing protons.
The results of this study indicate the antifungal potential of the essential oil of C. anisata on the mycelial growth of A. flavus, A. niger, A. parasiticus and F. moniliforme. Using this biofungicide, in combination with other established pest management practices, could help control the growth of these fungi in a more sustainable and environmentally friendly way. The radical scavenging activity evaluated comparatively with that of one reference compound (BHT) showed that the fresh leaves oil of C. anisata is 728 times less active than the reference compound and thus of limited interest in that field.
Experimental

Plant material and extraction procedure:
The fresh leaves of Clausena anisata (Willd.) Hook. F. ex Benth were collected in June 2008 from a wild population near the University of Ngaoundere and identified at the National Herbarium, Yaounde, where voucher specimens are deposited. The leaves were steam-distilled for about 5 h using a Clevenger apparatus. Oil recovered was dried over anhydrous sodium sulfate and stored at 4°C until used.
Chemical analysis:
The essential oil obtained was analysed by gas chromatography (GC) and gas chromatography coupled with mass spectrometry (GC/MS).
Gas chromatography:
The oil was analysed on a Varian CP-3380 GC with a flame ionization detector fitted with a fused silica capillary column (30 m x 0.25 mm coated with DB5, film thickness 0.25 μm); temperature program 50-200°C at 5°C/min, injector temperature 200°C, detector temperature 200°C, carrier gas N 2 , 1 mL/min. The linear retention indices of the components were determined relative to the retention times of a series of n-alkanes and the percentage compositions were obtained from electronic integration measurements without taking into account relative response factors. GC/MS analyses were performed using a Hewlett-Packard apparatus equipped with a HP1 fused silica column (30 m x 0.25 mm, film thickness 0.25 μm) and interfaced with a quadrupole detector (GC-quadrupole MS system, model 5970). The column temperature was programmed from 70 -200°C at 10°C/min; injector temperature was 200°C. Helium was used as the carrier gas at a flow rate of 0.6 mL/min; the mass spectrometer was operated at 70 eV.The identification of the constituents was assigned on the basis of comparison of their retention indices and their MS with those given in the literature [10] .
Fungal strains and production of conidia:
The strains of Aspergillus flavus 46283, A. niger CCRC 32126, A. parasiticus ATCC 15517 and Fusarium moniliforme ATCC 46025 maintained in the culture collection of the Microbiology Laboratory of the National School of Agro-Industrial Sciences (University of Ngaoundere, Cameroon) were used as test micro organisms. They were grown on Sabouraud dextrose agar (Difco, Detroit, MI) plates at 25°C for 5 days. Ten mL of 1% Tween 20 was added for spore collection. Conidia were harvested by centrifugation at 1000 x g for 25 min and washed with 10 mL of sterile distilled water. The spore suspensions were further adjusted with sterile 1% Tween to give a final concentration of 6 x 10 6 spores/mL. Spore concentration was determined with a haemocytometer. The suspensions were stored at 4°C until used.
Antifungal activity: Antifungal assay was performed using the agar disc diffusion method [11] . Sabouraud dextrose agar (SDA) medium with different concentrations of essential oils (1, 2, 3, 4 and 5 mg/mL) were prepared by adding the appropriate quantity of essential oil to the melted medium, followed by manual rotation of the Erlenmeyer flask to disperse the oil in the medium. About 20 mL of the medium was poured into glass Petri-dishes (9 cm x 1.5 cm). Each Petri-dish was inoculated at the center with a mycelial disc (6 mm diameter) taken at the periphery of a fungal strain colony grown on SDA for 48 h. Control plates (without essential oil) were inoculated following the same procedure. Plates were incubated at 25 ± 2°C and the colony diameter was recorded each day. Minimal inhibitory concentration (MIC) was defined as the lowest concentration of essential oil in which no growth occurred. For each concentration, 3 tests were carried out.
Evaluation of antiradical activity:
The antiradical activity was determined using 2,2-diphenyl-1-picrylhydrazyl (DPPH) [12] free stable radical scavenger, which was dissolved in ethanol to give a 100 μM solution. To 2 mL of the ethanolic solution of DPPH was added 100 μL of a methanolic solution of an antioxidant reference (BHT) at different concentrations. The oil was tested using the same method. The control without antioxidant was represented by the DPPH ethanolic solution containing 100 μL of methanol. The decrease in absorption was measured at 517 nm after 1 h at room temperature. The actual decrease in absorption induced by the test compound was calculated by subtracting that of the control. The concentration required for 50% reduction (RSC 50 ) was determined graphically. All the spectrophotometric measurements were performed with a SAFAS UV-mc 2 spectrophotometer, equipped with a multicell/multikinetics measuring system and with a thermostated cell-case.
Statistical analysis:
Data from three independent replicate trials were subjected to statistical analysis using the Statistica .06, Statistical package [13] . Differences between means were tested using Duncan Multiple Range Test.
